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Description 

[0001] The present invention relates to a packet trans- 
f ercontrol apparatus having a multi-queue configuration 
provided with a plurality of queues for storing packets s 
and a scheduling method therefor, more particularly re- 
lates to a packet transfer control apparatus for efficiently 
selecting and outputting a packet capable of finishing 
being transferred the earliest from among head packets 
in the queues and a scheduling method therefor. *0 
[0002] EP-A-0 763 915 describes a packet transfer 
device and a method adaptive to a large number of input 
ports. A control unit determines the selected class of 
packets to be outputted from input buffers according to 
a packet storage state in a packet storage means of the is 
input buffers as a whole for each class, and issues a 
command specifying the selected class to the input buff- 
ers. 

[0003] EP-A-0 710 046 describes an ATM cell sched- 
uler. In order to schedule the transmission of a number 20 
of data streams over a common communication link, 
each of the data streams conforms to a corresponding 
set of flow control parameters. Each of the data streams 
to be transmitted on the communication link is stored in 
a corresponding queue. The status of each queue is 25 
maintained, and a target transmission time is calculated . 
for each queue. Signals are then generated for each 
queue after the target transmission time, and these sig- 
nals are used to indicate to a corresponding queue that 
it can transmit a cell on the link. Upon reception of a 30 
corresponding signal, a queue then transmits at least 
one cell onto the communication link. 
[0004] In a packet transfer network, in order to guar- 
antee the quality of service (QoS) for every flow (a plu- 
rality of consecutive packets which a user has requested 35 
the transfer of) and to utilize resources such as the 
transmission paths (bandwidth available for transmis- 
sion) to the maximum to improve the service, it is re- 
quested that the packet transfer control apparatus be 
provided with a "weighted multi-queueing" function 40 
where it is provided with a plurality of queues corre- 
sponding to the flows and weight the queues with an 
order of transfer so as to control them for a fair packet 
transfer among queues and a "fair queueing" function 
where remaining resources (leftover bandwidth) are 45 
fairly distributed among flows temporarily so as to make 
efficient use of the resources. 

[0005] In the case of traffic data such as file transfer 
protocol (FTP) data or world wide web (WWW) data, it 
is considered important to transfer the data of each flow so 
fairly at a high speed by utilizing the resources to the 
maximum limit. The routers etc. of gateways of the net- 
work have been required to perform high speed 
processing, in correspondence with the high speed out- 
put links, of control for allocating to each flow and guar- ss 
anteeing a bandwidth reserved for each of these flows 
(or sets of flows) and, at the same time, fairly reallocat- 
ing the leftover resources in output links among these 



flows. 

[0006] On the other hand, in the case of voice traffic 
data such as voice over IP (VoIP), it is more important 
that a fixed transfer rate be guaranteed and a delay jitter 
be minimized rather than the bandwidth of the links be- 
ing used fairly and to the maximum limit. 
[0007] The present invention deals with the transfer 
of packets with different required qualities of service 
(QoS), focuses on: 

1 ) a structure for performing high speed processing 
of transfer order control (scheduling) of individual 
packets in accordance with different requests for 
quality of service for every type of the traffic data 
and 

2) a structure for linking these individual structures 
and effectively utilizing the entire bandwidth, and 

wiil be applied to high speed multimedia networks 
in the future. 

[0008] As fair queuing techniques, weighted fair 
queueing <WFQ) and start-time fair queueing (SFQ) are 
well known. 

[0009] The principle of fair queuing based on weight- 
ed fair queueing (WFQ) will be explained in detail later 
by using Fig. 5. As clear from the explanation using Fig. 
5, in transfer control by weighted fair queueing (WFQ), 
the scheduled transfer finish times F, (1 are calculated for 
the respective head packets in the queues Q, (i = 1 , 2, .... 
N) and priority is assigned to the order of output by the 
calculated value so as to achieve fairness of the packet 
transfer among flows and the effective utilization of re- 
sources. 

[0010] The scheduled transfer finish times F, 1 of the 
head packets in the queues Q ( are calculated by equa- 
tion (1) given later. 

[0011] The calculation of equation (1) includes the 
calculation of the bandwidths allocated to the queues 
Qj. These vary due to the change of the backlog queues 
with every transfer of a packet as shown in equation (2) 
and equation (3) given later. The allocated bandwidths 
r { t of the next head packets cannot be correctly calcu- 
lated before the end of the output processing of the 
packets immediately before them. 
[001 2] Namely, whenever a new head packet is out- 
put, the calculation must be redone. In addition, the re- 
sults of the calculations for the scheduled head packet 
transfer finish times F ( 1 of the queues calculated at the 
time of the previous packet outputs cannot be used at 
all for the next packet outputs even for head packets 
remaining in the queues Q t without being selected. This 
invited an increase in the amount of calculation. 
[001 3] On the other hand, known in the art is the tech- 
nique of introducing virtual time in order to solve the 
problem of the increase of the amount of calculation due 
to the change of the allocated bandwidths r, v By utiliz- 
ing virtual time : equation (1 ) can also be represented by 
an equation including a virtual time V(t), a sum value 0^ 
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of the reserved bandwidths of the backlog queues and 
the resource bandwidth R as will be explained later. 
[0014] The virtual time V(t) is recalculated whenever 
the sum value <l> b of the reserved bandwidths of the 
backlog queues and the resource bandwidth R change, 
but realization is easy since the scheduled transfer finish 
time F, 1 can be determined at the time of arrival of the 
packet. 

[0015] When virtual time is introduced, the time axis 
of the scheduled transfer finish time F, t ends up becom- 
ing its own axis which is different from the actual time 
axis. Thus, when a plurality of schedulers for controlling 
the order of transfer of the packets are provided in ac- 
cordance with the quality of service request (QoS), the 
time axes end up becoming different among schedulers. 
Therefore, there is a problem that the link among sched- 
ulers, for example, the processing for selecting the out- 
put packet havin g the top priority among the schedulers, 
becomes difficult. 

[0016] Further, ft has been sometimes pointed out 
that, if a control of the packet transfer is achieved by the 
fair reallocation of resources like weighted fair queueing 
(WFQ) without using virtual time, the amount of calcu- 
lation for determining the order of the transfer (schedul- 
ing) becomes extremely large, so it is difficult to apply 
this to a high speed link. 

[0017] Therefore, an object of the present invention is 
to provide a packet transfer control apparatus, and a 
scheduling method therefor, which greatly reduce the 
amount of calculation for scheduling of the packet trans- 
fer in fair queueing for guaranteeing different qualities 
of service (QoS) for the respective flows and utilizing the 
resources of the transmission paths to the maximum 
limit, which enable high speed packet transfer process- 
ing, and which in addition can easily achieve a link 
among a plurality of provided schedulers in accordance 
with the requested qualities of service (QoS). 
[0018] According to one aspect of the invention, there 
is provided a packet transfer control apparatus for pack- 
ets stored in a plurality of queues to which are allocated 
reserved bandwidths individually determined in ad- 
vance, each queue comprising a head packet and fur- 
ther packets, comprising a scheduler for controlling the 
transfer by weighting the order of transfer for each head 
packet in the queues, characterized in that the schedul- 
er comprises means for allocating the head packets in 
the queues into clusters in accordance with the ratio be- 
tween the packet length of the head packet in each 
queue and the reserved bandwidth of the packet; and 
means for selecting the packet having the earliest 
scheduled transfer finish time as the top priority transfer 
packet from among each first order packet inside the 
clusters. 

[0019] According to another aspect of the invention, 
there is provided a packet transfer control apparatus for 
packets stored in a plurality of queues to which are al- 
located reserved bandwidths individually determined in 
advance, each queue comprising a head packet and fur- 



ther packets, the apparatus provided with at least one 
scheduler which controls the transfer by weighting the 
order of transfer for the head packets in the queues in 
the order from the packet having the earliest scheduled 

s transfer finish time and, at the same time, allocating the 
bandwidths to all of the active queues in which packets 
to be transferred are stored; characterized in that the 
scheduler comprises: a clustering means for dividing the 
head packets in the queues into clusters in accordance 

10 with a scheduled resource occupation time which is de- 
fined as the ratio between the packet length of the head 
packet in each queue and the reserved bandwidth; a 
cluster managing means for holding the packets having 
the earliest scheduled transfer finish times among the 

*5 packets in a cluster for all clusters as the first order pack- 
ets; an inside-cluster selecting means for selecting the 
packet having the earliest scheduled transfer finish time 
for the cluster as the first order packet when a packet is 
deleted or added inside the cluster; and an inter-cluster 

20 selecting means for selecting the packet having the ear- 
liest scheduled transfer finish time as the top priority 
transfer packet from among the first order packets inside 
the clusters. 

[0020] The above object and features of the present 
25 invention will be more apparent from the following de- 
scription of the preferred embodiments given with refer- 
ence to the accompanying drawings, wherein: * 

Fig. 1 Is an explanatory view of the principle of pack- 
30 et transfer control of the present invention; 

Fig. 2 is a graph of the relationship between a 
scheduled transfer finish time F, (1 and a reserved 
bandwidth use ratio; 

Figs. 3 A and 3B are views of the configuration of a 
35 packet transfer control apparatus of the present in- 
vention; 

Fig. 4 is an explanatory view of the packet transfer 
control by a plurality of schedulers in the present 
Invention; and 

40 Fig. 5 is an explanatory view of the principle of 
weighted fair queueing (WFQ). 

[0021] Before describing the embodiments of the 
present invention, the related art and the disadvantages 
45 therein will be described with reference to the related 
figures. 

[0022] As already explained, as fair queueing tech- 
niques, weighted fair queueing (WFQ) and start-time fair 
queueing (SFQ) are known. 

50 [0023] The principle of the fair queueing based on 
weighted fair queueing (WFQ) will be explained by using 
Fig. 5. In Fig. 5, 5-1 is a scheduler for packet transfer, 
5-2 are meters provided in correspondence with the 
queues, and 5-3 is a mufti -queue comprised by N 

55 number of queues (Q 1 to Q N ) corresponding to the 
flows. 

[0024] Each queue 5-3 stores packets for every flow. 
The packets are processed with FIFO in each queue. 
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The scheduler 5-1 performs the processing for selecting 
the packet for which the transfer can be finished earliest 
from among the head packets stored in the queues 5-3 
and outputting this packet to the output link. 
[0025] In this way, in transfer control by weighted fair 
queueing (WFQ), the scheduled transfer finish times F, «, 
are calculated for the head packets of all of the queues 

Q, (i = 1 , 2 N) and priority is assigned to the order of 

output by the thus calculated values to achieve fairness 
of the packet transfer among flows and effective utiliza- 
tion of resources. 

[0026] The scheduled transfer finish times F, ^ of the 
head packets in the queues Q, are calculated by the fol- 
lowing equation (1) : 

F M = max{S, o + L j0 /r i 0 ; t^} + L^/r, §1 (1 ) 

[0027] Here, max { ; } means the maximum value be- 
tween the two values divided by the semicolon In the 
brackets. Further, S i 0 etc. are as follows. Note that the 
first subscript is the number of the queue (flow), and the 
second subscript is the order in the queue. 
[0028] Sj o is the transfer start time of the packet im- 
mediately preceding the present head packet in a queue 
Qj (hereinafter referred to as the "preceding packet"), 

L, o is the packet length of the preceding packet in 
a queue Qj, 

r; o is the bandwidth allocated to a queue Q, at the 
time of transfer of the preceding packet in the queue Q,, 

tj 1 is the time when the head packet in a queue Q i 
arrived at (is stored in) the queue Q, : 

Lj t1 is the packet length of the head packet in a 
queue Qj, and 

r, , is the bandwidth allocated to a queue Q, at the 
time of transfer of the head packet in the queue Qj. 
[0029] S i0 , L| 0 , Li,, and t, , mentioned above are 
fixed values determined at the start of the packet trans- 
fer or the arrival of the packet. The values thereof are 
stored and held in the meters 5-2 in correspondence 
with the queues Q it but r, 0 and r, #1 mentioned above 
must be obtained by calculation as follows: 

Rj 0 = (Oj/O^o)) x R (2) 

n.1 = <*V*bO)> x R < 3 ) 

[0030] Here, <I>, is the reserved bandwidth of a queue 
Q i( i.e., the bandwidth allocated for the packet transfer 
to the queue Qj. 

[0031] <J> b(0) is the sum value of the reserved band- 
widths for the backlog queues at the time of transfer of 
the preceding packet, that is, 4^ (0) = Z<J>j (j: backlog 
queues at the time of transfer of the preceding packet), 
(Jfy.,) is the sum value of the reserved bandwidths 



for the backlog queues at the time of transfer of the head 
packet, that is, <Db (1) = 2tf>j (j: backlog queues at the time 
of transfer of the head packet), and 
[0032] R is the entire output bandwidth of the resourc- 
5 es, where 4^, (0 j < R and fl>b (1 j < R stand. 

[0033] Further, the above mentioned "backlog queue" 
means a queue in which at least one untransferred 
packet (backlog) is stored and is a queue in which at 
least one packet requiring a transfer operation is stored, 
io therefore is also referred to as an "active queue". 

[0034] The bandwidth r, allocated to each queue Q, 
varies according to the number of the backlog queues. 
As apparent from equation (2) or (3), when 4^ = R, it 
becomes the bandwidth <t> it while when 0^ - & h It be- 
ts comes the maximum bandwidth R. 

[0035] Here, the first term on the right side of equation 
(1) represents the transfer start reference time of the 
head packet in a queue Q,. The larger value between 
the transfer finish lime (Sj 0 + L l0 /r, (0 ) of the preceding 
20 packet and the head packet arrival time t i(1 is given as 
the transfer start reference time. The second term on 
the right side of equation (1 ) is the time required for the 
transfer of the head packet. 

[0036] The scheduler 5-1 performs control for select- 

2S jng and transferring the packets in the order from the 
one having the smallest value of the scheduled transfer 
finish time Fj 1 . Accordingly, the priority order of transfer 
is lowered for a queue requiring a long time for the trans- 
fer of the preceding packet and a queue with a head 

30 packet requiring a long time for the transfer, thus fair 
packet transfer is carried out among queues. 
[0037] In this way, in weighted fair queueing (WFQ), 
the weighted control of the order of transfer by the 
scheduled transfer finish times F, t is earned out with 

35 respect to the packets for ail of the queues to achieve 
fair packet transfer among queues and, at the same 
time, unused reserved bandwidths (remaining resourc- 
es) are fairly allocated to active queues in accordance 
with their reserved bandwidths to effectively reuse the 

40 resources, and thereby the packets in active queues are 
transferred at a higher speed so as to improve the serv- 
ice. 

[0038] However, the number of backlog queues al- 
ways varies, so the bandwidths r ( to be allocated to the 
45 queues Qj always vary as well and therefore the sched- 
uled transfer finish times F, of the head packets in the 
queues Q { vary. 

[0039] Accordingly, the scheduler 5-1 had performed 
the processing for calculating the scheduled transfer fin- 

50 ish times F i A of the head packets by equation (1 ), equa- 
tion (2), and equation (3) for all of the head packets In 
the backlog queues whenever one packet was output 
and then selecting, transferring, and outputting the head 
packet in the queue Q olrt with the smallest scheduled 

55 transfer finish time F out , from among these calculated 
values as described in the following equation (4): 
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F outl = min{F, , , i : backlog queue} (4) 

[0040] The calculation of equation (1) mentioned 
above includes the calculation ot the bandwidths r, 0 and 
rjj allocated to the queues Qj. These vary due to the 
change of the backlog queues with every transfer of a 
packet as shown in equation (2) and equation (3). The 
allocated bandwidths r { t of the next head packets can- 
not be correctly calculated before the end of the output 
processing of the packets immediately before this. 
[0041] Namely, whenever a new head packet is out- 
put, the calculation must be redone. In addition, the re- 
sults of the calculations for the scheduled head packet 
transfer finish times F| (1 of the queues calculated at the 
time of the previous packet outputs cannot be used at 
all for the next packet outputs even for head packets 
remaining in the queues Q, without being selected. This 
invited an increase in the amount of calculation. 
[0042] On the other hand, known in the art is the tech- 
nique of introducing virtual time in order to solve the 
problem of the increase of the amount of calculation due 
to the change of the allocated bandwidths rj .,. By utiliz- 
ing virtual time, equation (1) can be interpreted as: 

F u = max<F lt0 ; V(t tl }} + L, n /O j(1 (V) 

where, 

V(t i . l ) = V(t L0 ) + (R/O b ).(t j1 -t i0 ) 



V(0) = 0 

[0043] The virtual time V(t) is recalculated whenever 
the sum value <D b of the reserved bandwidths of the 
backlog queues and the resource bandwidth R change, 
but realization is easy since the scheduled transfer finish 
time F| (1 can be determined at the time of arrival of the 
packet. 

[0044] However, when virtual time is introduced, the 
time axis of the scheduled transfer finish time F, j ends 
up becoming unique its own axis which is different from 
the actual time axis. Thus, when a plurality of schedulers 
for controlling the order of transfer ot the packets are 
provided in accordance with the quality of service re- 
quest (QoS), the time axes end up becoming different 
among schedulers. Therefore, there is a problem that 
the link among schedulers, for example, the processing 
for selecting the output packet having the top priority 
among the schedulers, becomes difficult. 
[0045] Further, it has been sometimes pointed out 
that, if a control of the packet transfer is achieved by the 
fair reallocation of resources like weighted fair queueing 
(WFQ) without using virtual time, the amount of calcu- 



lation for determining the order ot the transfer (schedul- 
ing) becomes extremely large, so it is difficult to apply 
this to a high speed link. 

[0046] The present invention provides a packet trans- 
5 fer control apparatus, and a scheduling method therefor, 
which greatly reduce the amount of calculation for 
scheduling of the packet transfer in fair queueing for 
guaranteeing different qualities of service (QoS) for the 
respective flows and utilizing the resources of the trans- 
it mission paths to the maximum limit, which enable high 
speed packet transfer processing, and which in addition 
can easily achieve a link among a plurality of provided 
schedulers in accordance with the requested qualities 
of service (QoS). 
15 [0047] When further concretely describing this, to 
solve the problem, in the calculation for selecting the top 
priority packet to be output for transfer, (i) the range of 
the packets directly influenced by the change of the 
bandwidths r^ allocated to the queues Qj is limited so 
as to calculate the scheduled transfer finish times F, t 
with respect to only limited packets and (II) the results 
of the past calculations are reused for other packets to 
omit the above calculations, whereby a reduction of the 
amount of calculation of the weighted fair queueing 
(WFQ) is achieved. • 
[0046] To achieve the above object, there may be pro- 
vided a packet transfer control apparatus having a multi- 
queue configuration provided with a plurality of queues 
each storing packets and a scheduling method therefor 
wherein, when processing to select and transfer the 
head packet having.the earliest scheduled transfer fin- 
ish time from the head packets in N number of queues 
Q, to Q N (1-2) provided in correspondence with the re- 
spective flows, a scheduler (1-1) clusters head packets 
having a low dependency upon changes in relative order 
of the scheduled transfer finish times with respect to 
changes in the entire reserved bandwidths of the back- 
log queues, holds the first order packets having the ear- 
liest scheduled transfer finish times among the clusters 
C 1 to C M , reuses the output priorities in the clusters cal- 
culated in the past as they are at the output for transfer 
of the packets to calculate the scheduled transfer finish 
times for only the first order packets in the clusters 
among the clusters, and selects the packet with the ear- 
liest calculated time as the top priority packet. As a re- 
sult, the amount of calculation for selecting the packet 
to be transferred with the top priority is greatly reduced 
whereby high speed packet transfer processing is ena- 
bled. 

[0049] In general, the present system provides a 
packet transfer control apparatus comprising: a sched- 
uler for controlling the transfer by weighting the order of 
transfer for each head packet in the queues, the sched- 
uler comprising: means for dividing each head packet 
in the queues into clusters in accordance with the ratio 
between the packet length of the head packet in each 
queue and the reserved bandwidth of the packet, and 
means for selecting the packet having the earliest 
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scheduled transfer finish time as the top priority transfer 
packet from among each first order packet inside the 
clusters. 

[0050] According to the present system, 

5 

(1) there is provided a packet transfer control appa- 
ratus provided with at least one scheduler which 
controls the transfer by weighting the order of trans- 
fer for the head packets in the queues in the order 
from the packet having the earliest scheduled trans- 10 
fer finish time for packets stored in a plurality of 
queues to which are allocated reserved bandwidths 
individually determined in advance and, at the same 
time, allocating the resources (bandwidths) of the 
entire transmission system to all of the active 15 
queues in which packets to be transferred are 
stored, wherein the scheduler is provided with a 
clustering means for dividing the head packets in 

the queues into clusters in accordance with the ratio 
between the packet length of the head packet in 20 
each queue and the reserved bandwidth (hereinaf- 
ter referred to as the scheduled resource occupa- 
tion time), a cluster managing means for holding the 
packets having the earliest scheduled transfer fin- 
ish times among the packets in a cluster for all dus- 2s 
ters as the first order packets, an inside-cluster se- 
lecting means for selecting the packet having the 
earliest scheduled transfer finish time for the cluster 
as the first order packet when a packet is deleted 
or added inside the cluster, and an inter-cluster se- 30 
lecting means for selecting the packet having the 
earliest scheduled transfer finish time as the top pri- 
ority transfer packet from among the first order 
packets in the clusters. 

(2) The scheduler may be provided with a reserved 35 
bandwidth use ratio computing means for comput- 
ing the ratio (hereinafter referred to as the reserved 
bandwidth use ratio) of a cumulative value of the 
reserved bandwidths for the active queues with re- 
spect to the resources (bandwidths) of the entire <o 
transmission system, and said inter-cluster select- 
ing means is structured to calculate the scheduled 
transfer finish time based on the transfer start ref- 
erence time of each first order packet, the sched- 
uled resource occupation time, and the reserved 
bandwidth use ratio. 

(3) The inside-cluster selecting means may further 
be structured to sort the packets in a cluster in the 
order from the earliest scheduled transfer finish 
time, and the cluster managing means may be con- so 
stituted so as to hold the packets sorted in the order 
from the earliest scheduled transfer finish time for 
every cluster. 

(4) The inside-cluster selecting means may be 
structured to perform the selection by switching be- 55 
tween processing for selecting only the first order 
packet having the earliest scheduled transfer finish 
time from the packets in a cluster and processing 



for sorting them in the order from the one having the 
earliest scheduled transfer finish time, perform the 
processing for sorting in the order from the one hav- 
ing the earliest scheduled transfer finish time when 
the transfer time of a packet in transmission is more 
than a predetermined time, and perform the 
processing for selecting only the first order packet 
having the earliest scheduled transfer finish time 
when the transfer time of the packet in transmission 
is not more than a predetermined time. 

(5) The inside-cluster selecting means may further 
be constituted so as to select the packet having the 
earliest scheduled transfer finish time based on only 
the transfer start reference time of each packet in 
the cluster or the transfer start reference time and 
the scheduled resource occupation time. 

(6) The inside-cluster selecting means may further 
be constituted so as to sort the packets in the cluster 
in the order from the one having the earliest sched- 
uled transfer finish time based on only the transfer 
start reference time of each packet in the cluster or 
the transfer start reference time and the scheduled 
resource occupation time. 

(7) The clustering means may be constituted so as 
to divide the head packets in the queues into clus- 
ters by discriminating the type of the application 
packet having traffic characteristics for which the 
scheduled resource occupation time is specified. 

(8) The packet transfer control apparatus may be 
provided with a plurality of schedulers which per- 
form different processing for allocation of the re- 
sources of the entire transmission system for pack- 
ets stored in multi-queues differing for all clusters in 
accordance with the class of the quality of service. 
In this case, each scheduler is provided with a 
means for selecting the packet having the earliest 
scheduled transfer finish time from among the head 
packets for every multi-queue. Further, provision is 
made of a scheduler for selecting the packet having 
the earliest scheduled transfer finish time from 
among packets selected by the schedulers corre- 
sponding to the multi-queues. 

(9) At least one scheduler among the schedulers 
corresponding to the multi-queues is provided with 
a means for allocating bandwidths of a fixed rate to 
queues in the corresponding multi-queues and se- 
lecting the packet having the earliest scheduled 
transfer finish time. 

[0051] According to another aspect of the present in- 
vention, (10) there is provided a packet transfer sched- 
uling method which transfers packets by weighting the 
order of transfer for head packets of queues in the order 
from the packet having the earliest scheduled transfer 
finish time for packets stored in a plurality of queues to 
which are allocated at least reserved bandwidths indi- 
vidually determined in advance and, at the same time, 
allocating resources (bandwidths) of the entire trans- 
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mission system to all of the active queues in which pack- 
ets to be transferred are stored, comprising a step of 
dividing the head packets of the queues into clusters in 
accordance with scheduled resource occupation times 
of the head packets in the queues, a step of selecting 
the packet having the earliest scheduled transfer finish 
time for a cluster as a first order packet when a packet 
is deleted or added to packets in the cluster and holding 
this selected packet, and a step of selecting the packet 
having the earliest scheduled transfer finish time from 
among the first order packets in the clusters as a top 
priority transfer packet. 



is specified. 

[0052] Turning now to specific embodiments of the 
present invention, Fig. 1 is an explanatory view of the 
5 principle of the packet transfer control by weighted fair 
queueing (WFQ) according to the present invention. In 
the figure, 1-1 is the schedulerfor controlling transfer by 
clustering the packets, and 1 -2 is the multi-queue com- 
prising N number of queues (Q } to Q N ) for storing pack- 
to ets in correspondence with flows. 

[0053] The Internal structure of the queues Q ( (I = 1, 
2, — , N) does not have any direct bearing upon the pack- 
et transfer control of the present invention, so it is as- 
sumed that the queues Q| are comprised so as to per- 
form the packet storing processing by the general Flf O 
(First in First Out) method. 

[0054] The scheduler 1-1 performs the clustering of 
the head packets in the queues Q n (hatching part (A) in 
the figure) based on the scheduled resource occupation 
time ft (1 required for the transfer of each packet. Figure 
1 shows an example of controlling the transfer by clas- 
sifying the head packets in the queues Qj into M number 
of clusters C, to C M . 

[0055] The scheduled resource occupation time ft A 
required for each packet transfer is calculated from the 
packet length L it1 of the head packet in each queue Qj 
and the reserved bandwidth 0 { of each queue Q| by the 
following equation: 

Pi.i = 

[0056] Namely, ft ., is the time required for transferring 
the packet having the packet length L| #1 under the re- 
served bandwidth <J>j minimally allocated to the queue 

[0057] In actuality, as mentioned above, due to the 
weighted fair queueing (WFQ), if there is unused re- 
served bandwidth, that unused reserved bandwidth is 
also allocated to the active queues with a predetermined 
ratio. Accordingly, the resource occupation time will be- 
come shorter than the ft 1t so the ft §1 will be referred to 
as the scheduled resource occupation time. 
[0056] The scheduler 1-1 clusters each head packets 
into any one of M number of clusters C n to C M in accord- 
ance with the values of the scheduled resource occupa- 
tion times ft j of the head packets. Figure 1 shows an 
example of a case where a head packet P 51 in the 
queue Q 5 and a head packet P 3 11 in the queue Q 3 are 
clustered into the cluster C 1t a head packet P 2f1 in the 
queue Q 2 and a head packet P 4i1 In the queue Q 4 are 
clustered into the cluster C 2 , and a head packet P 1#1 in 
the queue Q 1 is clustered into the cluster C M . 
[0059] The scheduler 1-1 registers the head packet 
having the scheduled transfer finish time Fj t of the 
smallest value in the cluster as the first order packet to 
be output with the top priority in this cluster when newly 
incorporating a head packet in a queue into the cluster. 



(11) The packet transfer scheduling method may 
further comprise a step of computing a reserved 15 
bandwidth use ratio of active queues and a step of 
calculating a scheduled transfer finish time during 
the selection among clusters based on the transfer 
start reference time of the first order packet, the 
scheduled resource occupation time, and the re- 20 
served bandwidth use ratio. 

(1 2) The packet transfer scheduling method may 
further comprise, when achieving the selection in 
the clusters, a step of sorting the packets in a cluster 
in the order from the earliest scheduled transfer fin- 25 
Ish time and holding the sorted packets. 

(13) The packet transfer scheduling method may 
further comprise, when achieving the selection in 
the clusters, a step of performing processing for 
sorting in the order from the packet having the ear- 30 
liest scheduled transfer finish time when the trans- 
fer time of a packet in transmission is more than a 
predetermined time and performing processing for 
selecting only the first order packet having the ear- 
liest scheduled transfer finish time when the trans- 35 
fer time of the packet in transmission is not more 
than a predetermined time. 

(14) The packet transfer scheduling method may 
further comprise, when achieving the selection In 
the clusters, a step of selecting the packet having 40 
the earliest scheduled transfer finish time based on 
only the transfer start reference time of each packet 
in the cluster or the transfer start reference time and 
the scheduled resource occupation time. 

(15) The packet transfer scheduling method may 45 
further comprise, when achieving the selection in 
the clusters, a step of sorting the packets in the clus- 
ter in the order from the one having the earliest 
scheduled transfer finish time based on only the 
transfer start reference time of each packet in the 50 
cluster or the transfer start reference time and the 
scheduled resource occupation time. 

(16) The packet transfer scheduling method may 
further comprise, when achieving the selection in 
the clusters, a step of dividing the head packets of 55 
queues into clusters by discriminating the type of 
the application packet having traffic characteristics 
for which the scheduled resource occupation time 



7 



13 



EP 0 989 770 B1 



14 



[0060] Further, when the first order packet in a cluster 
is selected as the transfer packet and sent to the output 
link, it also registers the packet having the scheduled 
transfer finish time F^ 1 of the smallest value from among 
the remaining packets In the cluster as the first order 
packet in the cluster. 

[0061] In Fig. 1 , the example where the packet P 2t i is 
sent from the cluster C 2 and the next packet P 2f2 is in- 
corporated from the queue Q 2 into the same cluster C 2 
as the head packet is shown. When packets constituting 
one cluster change in this way, the packet having the 
smallest value of scheduled transfer finish time F^ 
among the packets in that cluster (hatching part (B) in 
the figure) is registered as the first order packet. 
[0062] The scheduler 1 -1 performs control for calcu- 
lating the scheduled transfer finish times F, t for the first 
order packets in the clusters (packets P 5 n , P 2 1( P., ^ 
of the hatching part (C) in the example of Fig. 1 ), select- 
ing the packet having the smallest value of Fj t1 as the 
packet to be transferred with the top priority, and send- 
ing the selected packet from the output link. 
[0063] The principle of the packet transfer control of 
the present invention will be explained in further detail. 
The scheduler 1-1 shown in Fig. 1 is provided with me- 
ters (not shown) in correspondence with the queues Qj. 
The meters are set with the parameters required for cal- 
culating the scheduled transfer finish times Fj-, of the 
head packets in the queues. 

[0064] The parameters set in the meters for the 
queues Gj are the transfer start reference time 04 (1 of 
the head packets and the scheduled resource occupa- 
tion times pj j of the head packets. The transfer start ref- 
erence time a, (1 of a head packet is calculated by the 
following equation: 

ct u = max<S } 0 + L, 0 /r l 0 ; t, ,} (5) 

[0065] Here, S i0 + U,d r i.o fe tne scheduled transfer 
finish time of the packet immediately preceding the head 
packet (preceding packet), andtj n is the arrival time of 
the head packet. The transfer start reference time ct| t1 
of the head packet becomes the larger value between 
values of the scheduled transfer finish time of the pre- 
ceding packet and the arrival time of the head packet. 
[0066] The scheduled resource occupation time ft (1 
is calculated by: 

Pi.i=ki'*i (6) 

as mentioned above. The scheduled resource occupa- 
tion time pj 1 is the resource occupation time required 
for the transfer when the packets in the queues Qj are 
transferred with the reserved bandwidth Oj as the lowest 
allocated bandwidth. The bandwidths allocated to the 
queues Qj vary according to the change of the backlog 



queues, so the resource occupation times also vary. Ac- 
cordingly, the scheduled resource occupation time ft t 
is not an actual scheduled resource occupation time but 
one of the reference values used for the calculation of 
5 the scheduled transfer finish time F l t1 as will be ex- 
plained later. 

[0067] The scheduler 1-1 calculates the reserved 
bandwidth use ratio 7 of the backlog queues as the pa- 
rameter for further calculating the scheduled transfer fin- 
to ish times Fj 1 of the head packets. The reserved band- 
width use ratio yis the ratio of the sum value 0^,) of the 
reserved bandwidths used by the backlog queues (ac- 
tive queues) with respect to the resources (bandwidth 
of entire output link) R and is calculated by the following 
is equation: 

Y=<W R w 

20 [0068] The scheduled transfer finish time F, <, of the 
head packet of equation (1) can be modified as in the 
following equation (8) using the parameters 04 1( P (1 , 
and y according to equation (3), equation (5), equation 
(6), and equation (7): 

25 

= a, t1 +(L l(1 /O i jx{O b(1) /R) 

30 

= + P M X Y (8) 

[0069] Here, the transfer start reference time a, n and 
the scheduled resource occupation time p, n are calcu- 
35 lated at the time when a packet becomes the head of 
the queue and are fixed values which will not change 
later, but the reserved bandwidth use ratio y is a value 
changing according to the change of the backlog 
queues. 

40 [0070] When representing the relationship between 
the scheduled transfer finish times F, j and the reserved 
bandwidth use ratio y by equation (8) in a graph, as in- 
dicated by the slanted lines in (A) of Fig. 2, the sched- 
uled transfer finish times F, «, change linearly with re- 

45 sped to a change of y. 

[0071] (A) of Fig. 2 shows an example of the sched- 
uled transfer finish times Fj §1 (i = 1 to 4) of the head pack- 
ets of the queues Qj (i = 1 to 4). The points of intersection 
between the slanted lines and the ordinate of the figure 

50 are otj v and the gradients of the slanted lines are pj v 
[0072] As will be understood from (A) of Fig. 2, in the 
case of scheduled transfer finish times Fj t1 of the pack- 
ets not having a large difference of the gradient p it1 of 
the slanted line, even if the reserved bandwidth use ratio 

55 ^changes, the probability of a change in the order of the 
scheduled transfer finish times F, of these packets is 
low. Even If there is a change, the time difference is 
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minute. 

[0073] In (A) of Fig. 2, there is not a large difference 
between the gradients P t1 of F, t1 where i = 1 and F, n 
where I = 3 and also there is not a large difference be- 
tween the gradients ft ^ of F, t where i = 2 and F, n where 
i = 4. In such a case, the relationship of magnitude be- 
tween F| j where i = 2 and F, n where i = 4 does not 
change when there is a change of the reserved band- 
width use ratio 7. Further, the relationship of magnitude 
between Fj t where i = 1 and F, ^ where i = 3 inverts after 
the two F (1 intersect midway, but since the gradients ft ., 
are close to each other, a large difference does not occur 
between the values of F, j where i = 1 and F, (1 where i 
= 3 per se. 

[0074] (B) of Fig. 2 is a view of only the gradient ft v 
Several (for example M number of) ranges are deter- 
mined in advance for this gradient ft j . The clustering is 
carried out with respect to the head packets of the 
queues as mentioned before according to which range 
the gradient ft (1 calculated by equation (6) belongs. 
[0075] When performing the clustering of the head 
packets in this way, it is possible to make the depend- 
ency of the order of the scheduled transfer finish times 
Fj (1 of packets belonging into same cluster with respect 
to the change of y minute. 

[0076] For example, in Fig. 2, when performing the 
clustering while assuming that the head packets in the 
queues where i = 1 and i = 3 belong to the same cluster 
and that the head packets in the queues where I = 2 and 
i = 4 belong to the same cluster, the probability of change 
of the order of the scheduled transfer finish times F it1 of 
the packets in queues Qj in the clusters calculated when 
7, is low even when 7 = y 2 - Even if such a change 
occurs, the time difference thereof is small. Accordingly, 
even il an error occurs in the order of transfer, the influ- 
ence thereof is small. 

[0077] The packet selection processing at the time of 
packet transfer output includes (i) processing for calcu- 
lating the scheduled transfer finish times Fj ., by equation 
(8) for all packets in a cluster which output a packet im- 
mediately before or a cluster to which a new head packet 
is added (hatching part (B) of Fig. 1) and selecting the 
first order packets in which the calculated scheduled 
transfer finish times F } A becomes the minimum (inside- 
cluster selection processing) and (ii) processing for cal- 
culating the scheduled transfer finish times F, n by equa- 
tion (8) between first order packets in the clusters 
(hatching part (C) of Fig. 1) and selecting the packet in 
which the calculated value becomes the minimum by 
equation (4) (inter-cluster selection processing). 
[0078] Since it is sufficient to perform only the 
processing for sending the packet selected by the se- 
lection processing among clusters as the top priority 
transfer packet to the output link, therefore the amount 
of calculation can be greatly reduced compared with the 
case of the related art where the calculation of equation 
(8) was carried out with respect to the head packets in 
all backlog queues. 



[0079] For example, if there are 1 00 backlog queues, 
there are 100 head packets for these backlog queues. 
In contrast to the related art where the processing for 
calculating the scheduled transfer finish times Fj j by 

5 equation (8) for 1 00 packets and selecting the packet 
having the minimum calculated value, in the present in- 
vention, when assuming that 1 00 head packets are clus- 
tered into 10 clusters each comprising 10 head packets 
on en average, It is sufficient to perform the inside-clus- 

10 ter selection processing for an average 10 packets and 
the inter-cluster selection processing for 10 clusters. 
Namely, it is sufficient to calculate the scheduled trans- 
fer finish times F (1 by equation (8) for only 20 packets, 
so the amount of calculation can be greatly reduced, At 

15 the same time, in the processing for selecting the one 
having the minimum calculated value as well, the 
number of objects to be selected is greatly decreased, 
so the amount of processing in this selection processing 
can be lowered. 

20 [0080] In general, where the number of queues is N 
and the number of clusters is M , the number of the pack- 
ets in the cluster becomes N/M on an average. Namely, 
by performing the clustering as in the present invention, 
the calculation which had been carried out with respect 

25 to N number packets in the related art may be** carried 
out by only the inside-cluster processing with respect to 
N/M number packets and the inter-cluster processing 
with respect to M number of packets. Accordingly, since 
it is sufficient to carry out the calculation with respect to 

30 (N/M + M) number of packets, the amount of calculation 
can be greatly reduced. 

[0081] Note that, in the inside-cluster selection 
processing mentioned above, in place of the processing 
for selecting the first order packets by the calculation of 

35 the scheduled transfer finish times F l§1 by equation <8) 
using 04 v ft and y, the following simple processing is 
also possible. In a cluster, the scheduled resource oc- 
cupation times ft >n of packets are values close to each 
other and the dependency upon the reserved bandwidth 

40 use ratio y is low, therefore packets are sorted in the 
order from the packet having the smallest value of the 
transfer start reference time o Jt1 as the first sort key. 
Next, the packets having transfer start reference times 
otj j of values which are the same as or close to each 

<5 other are sorted in the order from the packet having the 
smallest scheduled resource occupation times p u as 
the second sort key. Due to this, the packet having the 
scheduled transfer finish time F| n near the smallest val- 
ue can be selected by simple processing without using 

so the reserved bandwidth use ratio 7. 

[0082] Further, by using only the value of the transfer 
start reference time ctj even if the packet having the 
smallest value is selected as the first order packet, a 
large error will not occur in the selection result and the 

55 packet having the scheduled transfer finish time F f t 
near the smallest value can be selected by further sim- 
ple processing. In this case, the calculation of p x 7 is 
not carried out, therefore the amount of calculation for 
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the inside-cluster processing can be greatly reduced. 
[0083] Further, in the inside-cluster selection process- 
ing, when performing selection using ctjj, ftj, and y 
mentioned above or selection using only otj f1 and ft it 
is also possible to apply (i) a procedure of registering 5 
only the selected first order packet, comparing the mag- 
nitude of the scheduled transfer finish times Fj t be- 
tween the already registered first order packet and the 
packet to which a new packet is added when a new 
packet is added to the cluster, determining a new first 10 
order packet, and registering this, (ii) a procedure of 
sorting all packets in the cluster in the order from the 
packet having the smallest scheduled transfer finish 
time F| 1t and further (Hi) a procedure of switching the 
above procedures in accordance with the processing '5 
time permitted to the inside-cluster selection process- 
ing. 

[0084] In general, there is a variation in lengths of 
packets. By utilizing this characteristic, when packets 
requiring a long time for transfer such as long packets 20 
are sent, a large time is given for performing the calcu- 
lation for selecting the next output packet, therefore the 
packets in clusters are sorted during that time. When 
sending short packets at high speed or in selection 
processing in a cluster in which there has only been de- 25 
letion, but no addition of a packet, by using the past sort- 
ed results as they are or by switching the operation to 
the processing for selecting only the first order packets, 
the amount of processing can be reduced. Even in a 
case where consecutive short packets are output, high 30 
speed selection processing can be carried out without 
deterioration of the precision or while accompanied with 
only a slight reduction of precision. 
[0085] Note that whether or not a packet is one requir- 
ing a long time for transfer can be judged prior to the 35 
start of the sorting by division of the packet length L by 
the entire output bandwidth R, i.e., UR, and the com- 
parison of the calculated value with a threshold value. 
It is also possible to perform simple judgement by com- 
parison of only the packet length with a threshold value. 40 
[0086] Further, when calculating the scheduled trans- 
fer finish times F i/t for selecting a first order packet in 
inside-cluster selection processing, the inter-cluster se- 
lection processing calculates the scheduled transfer fin- 
ish times Fj j for only the first order packets of the dus- 45 
ters other than the cluster for which the inside-cluster 
selection processing is being carried out, compares the 
smallest value among these calculated values with the 
scheduled transfer finish time Fj tl calculated in the in- 
side-cluster selection processing, and thereby selects 50 
the top priority packet to be transferred. 
[0087] Further, in the transfer of the application pack- 
ets in multimedia such as voice information or video in- 
formation, in general, packets are transferred after clas- 
sifying the packets into some grades in accordance with 55 
the required quality. 

[0088] In each above grade s the traffic characteristics 
such as the reserved bandwidth 4> 1 and the packet 



length L| are uniform. There are cases where the sched- 
uled link occupation time ft (ft = L/G^ is uniquely deter- 
mined by discriminating the type of the application. In 
such a case, by discriminating the type of the traffic char- 
acteristic of the application packet, the clustering of the 
packets can be easily and correctly carried out. 
[0089] Next, an explanation will be made of a concrete 
configuration of a packet transfer control apparatus us- 
ing weighted fair queueing (WFQ) according to the 
present invention. Here, it is assumed that the packet 
transfer control apparatus performs the queueing for 
every flow. It performs the storage processing of packets 
by using FIFO inside each queue. Further, the packet 
data per se is stored in a not illustrated buffer. Further, 
it is assumed that the packet transfer control apparatus 
explained below processes only pointers for the packet 
data perse and parameters concerning the transfer con- 
trol. 

[0090] Figures 3A and 3B are views of the configura- 
tion of the packet transfer control apparatus of the 
present invention. In the figure, 3-1 is a multi-queue 
managing means, 3-2 is a reserved bandwidth use ratio 
y computing means, 3-3 is a clustering means, 3-4 is a 
cluster managing means, 3-5 is an inside-cluster select- 
ing means, 3-6 is an inter-cluster selecting means, and 
3-7 Is an output control means. 

[0091] The multi-queue managing means 3-1 is pro- 
vided with queues Q, (i = 1 to N) in correspondence with 
flows and meters in correspondence with the queues Qj. 
In each queue Q it packet tags each comprising a flow 
number "Flow No. 0)" °f the received packet, packet 
length TacketLen. (L)*\ arrival time (t), and a pointer of 
an address of the buffer for storing the packet data per 
se, are stored in the order of arrival. 
[0092] In the meter corresponding to each queue Q,, 
the transfer start reference time Ojj of the head packet 
of that queue Q, and the bandwidth G>j reserved by that 
queue Q, are stored. The multi-queue managing means 
3-1 Is provided with a function of managing both the 
queues Qj in the active state in which at least one un- 
transferred packet (backlog) is stored and meters cor- 
responding to the queues and is provided with a function 
of outputting both the tag of the head packet of the cor- 
responding queue and the parameter stored in the me- 
ter of that queue according to an output request. 
[0093] Further, it is provided with a function of output- 
ting the changed reserved bandwidth (±<D) when the ac- 
tive state of a queue changes. For example, when a 
queue Qj changes from the inactive state to the active 
state, the amount of increase (-HDj) of that reserved 
bandwidth <J> ( is output to the reserved bandwidth use 
ratio ^computing means 3-2. Conversely, when a queue 
Qj changes from the active state to the inactive state, 
the amount of decrease (-0|) of that reserved bandwidth 
4>i is output to the reserved bandwidth use ratio y com- 
puting means 3-2. 

[0094] The reserved bandwidth use ratio y computing 
means 3-2 is provided with both a <I> b computing unit 
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and a y computing unit. The <I> b computing unit receives 
as its input the changed reserved bandwidth (±<D) from 
the multi-queue managing means 3-1 and computes the 
cumulative value ^ (0^ = 0^ ± <D) of the reserved band- 
widths of active queues (backlog queues). 
[0095] The y computing unit divides the cumulative 
value 4>b of the reserved bandwidths of the active 
queues (backlog queues) by the bandwidth R of the en- 
tire resources (output link) and computes the ratio 7 of 
the reserved bandwidth <I> b used by the entire active 
queues (backlog queues) to the bandwidth R. 
[0096] The clustering means 3-3 is provided with both 
a P| calculating unit and a clustering processing unit C 
(Pi). The p| calculating unit divides the packet length L { 
of the head packet in a queue Q { by the reserved band- 
width <J>, of the queue Qj (L/<t>,) to calculate the sched- 
uled resource occupation time pj of the head packet. 
[0097] The clustering processing unit C(P|) performs 
the processing for allocating the related packets to the 
clusters C 1 to C M in correspondence with ranges to 
which those values belong based on the values of the 
scheduled resource occupation times pj of the related 
packets. 

[0098] The cluster managing means 3-4 is linked to 
the inside-cluster selecting means 3-5 and maintains 
the state where the packet having the smallest value F, 
among the scheduled transfer finish times F| of the pack- 
ets in the cluster is selected as the first order packet of 
that cluster for each cluster Cj (j = 1 to M). 
[0099] Further, a parameter NCP (Next Cluster Point- 
er) indicating the pointer of the next order packet for 
maintaining the state where the packets in the cluster 
are sorted in the order from the smallest value of the 
scheduled transfer finish time F, is added to the packets 
in the cluster. The packets can be linked each other, in 
the cluster, In the order of sorting by the parameter NCP. 
[0100] The inside-cluster selecting means 3-5 has a 
function of calculating the scheduled transfer finish 
times F, (= aj + pj X y) of the packets in a cluster by a 
request from the cluster managing means 3-4 for one of 
the clusters stored in the cluster managing means 3-4, 
selecting the packet having the smallest that value F i 
among the scheduled transfer finish times F, of the pack- 
ets as the first order packet, and returning this to the 
cluster managing means 3-4. Further, it has a function 
of outputting the scheduled transfer finish time F ( of the 
first order packet to the output control means 3-7. 
[0101] The inside-cluster selecting means 3-5 can 
use, as mentioned before, the procedure of selecting the 
scheduled transfer finish time from 04 and p h the proce- 
dure of sorting, or the procedure of appropriately switch- 
ing these two procedures in accordance with the 
processing time. 

[0102] The inter-cluster selecting means 3-6 calcu- 
lates and selects the packet having the smallest value 
of the scheduled transfer finish time F| (= cq + P } x y) 
from among the first order packets in the clusters C, to 
C M (note, except the cluster which was output immedi- 



ately before this) and outputs that scheduled transfer fin- 
ish time F| to the output control means 3-7. 
[0103] The output control means 3-7 compares the 
scheduled transfer finish times F, input from the inside- 
5 cluster selecting means 3-5 and the inter-cluster select- 
ing means 3-6, selects the packet having the smaller 
value F, as the top priority packet to be transferred, and 
outputs the packet tag thereof. 

[0104] In order to perform similar processing with the 

10 next packet as the head packet for the queue Q, in which 
the tag of the packet transferred is stored, the output 
control means 3-7 activates the processing of the multi- 
queue managing means 3-1, the reserved bandwidth 
use ratio y computing means 3-2, and the clustering 

1S means 3-3 for the next head packet. 

[0105] The functional means of the packet transfer 
control apparatus of the present invention were ex- 
plained above. Here, an explanation will be made below 
of the processing operation by referring to the same Fig. 

20 3 while classifying the processing operation into packet 
output processing and packet input processing. Note 
that, in the figure, the circled numbers correspond to the 
numbers in parentheses attached to the processing op- 
eration in the following explanation and represent the 

25 link positions among function modules to and from 
which the information concerning the related processing 
operations are input and output. Further, in the figure, 
the contents of the information input, output or held at 
the link or function modules are described in blocks a) 

30 to h) by attaching lead lines. 

[1] Packet output processing 

[0106] When the two conditions of both the comple- 
35 Won of the packet output (10) by the output control 
means 3-7 and the output permission (11) of the next 
packet are satisfied, a request (12) for processing the 
next packet, as the head packet, in the queue Q, to which 
the packet which was output immediately before this be- 
40 longed is sent from the output control means 3-7 to the 
multi-queue managing means 3-1, the reserved band- 
width use ratio y computing means 3-2, and the cluster- 
ing means 3-3. 

[01 07] The multi-queue managing means 3-1 calls up 
45 the new head packet if an untransf erred packet is stored 
in the queue Q jt calculates the transfer start reference 
time a ( of the head packet, and stores the calculated 
value in the meter. Note, if the related queue Q, has be- 
come empty, the multi-queue managing means 3-1 does 
so not outputs anything. 

[01 08] The transfer start reference time a, is set as 04 
= t when comparing the arrival time t of this packet and 
the scheduled transfer finish time F, 0 of the packet sent 
immediately before this and t £ F j0 , while is set as a, = 
55 F i(O ift<F l>0 . 

[0109] The multi-queue managing means 3-1 outputs 
(15) the parameters of the packet length and the re- 
served bandwidth <J>| to the clustering means 3-3. Fur- 
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ther, the multi-queue managing means 3-1 outputs (14) 
the change (±0) ot the available reserved bandwidth 
caused by the change of the active state of the queue 
to the reserved bandwidth use ratio y computing means 
3-2. 

[0110] The clustering means 3-3 calculates (2) the 
scheduled resource occupation time p when the param- 
eters are input, performs (3) the clustering for new head 
packets in accordance with this value p, and outputs the 
same to the cluster managing means 3-4. 
[01 1 1] The reserved bandwidth use ratio 7 computing 
means 3-2 computes (13) the cumulative value ^ of 
the reserved bandwidths of the backlog queues. When 
there is an output request (12) from the output control 
means 3-7, the cumulative value 0^ of the reserved 
bandwidths is output to the 7 computing means, and the 
7 computing means computes (4) the reserved band- 
width use ratio y, that is, the ratio of the cumulative value 
0>b of the reserved bandwidths with respect to the band- 
width R of the entire resources, and outputs the same 
to the inside-cluster selecting means 3-5 and the inter- 
cluster selecting means 3-6. 

[0112] The cluster managing means 3-4 waits for ex- 
actly a period for the clustering for the next head packet 
to be completed when the cluster Cj to which the packet 
selected as the top priority output packet belonged is 
notified from the output control means 3-7 and sends 
(7) all packets belonging to that cluster Cj to the inside- 
cluster selecting means 3-5. The inside-cluster select- 
ing means 3-5 newly selects the first order packet from 
among these packets and returns (9) the same to the 
cluster managing means 3-4. 

[0113] Further, when the next head packet is clus- 
tered into another duster C k , all packets of the other 
cluster C k are similarly sent (7) to the inside-cluster se- 
lecting means 3-5. The inside-cluster selecting means 
3-5 newly selects the first order packet from among 
these packets and returns (9) the same to the cluster 
managing means 3-4. 

[0114] The cluster managing means 3-4 outputs (5) 
the parameters (Gt|, pj) of the first order packets in the 
clusters other than the cluster Cj finally sent to the in- 
side-cluster selecting means 3-5 to the inter-cluster se- 
lecting means 3-6. 

[0115] The inside-cluster selecting means 3-5 calcu- 
lates the scheduled transfer finish times Fj (= a| + p, x 
7) of the packets by using parameters ctj and of the 
packets input (7) from the cluster managing means 3-4 
and new reserved bandwidth use ratio 7, selects the 
packet for which the scheduled transfer finish time F, 
becomes the smallest from among these Fj as the first 
order packet, and outputs (8) this to the output control 
means 3-7 and, at the same time, returns (9) this to the 
cluster managing means. 

[0116] The inter-cluster selecting means 3-6 calcu- 
lates the scheduled transfer finish times F, (= + ft x 
7) by using parameters (04, ft) of the first order packets 
of the input clusters and the new reserved bandwidth 



use ratio 7, selects the packet having the smallest F, 
from among these F, as a top priority candidate packet, 
and outputs this top priority candidate packet to the out- 
put control means 3-7 (6). 

5 [01 1 7] The output control means 3-7 selects and out- 
puts (1 0) the packet having the smallest value of F, from 
among the scheduled transfer finish times F ( input ((6), 
(8)) from the inter-cluster selecting means 3-6 and the 
inside-cluster selecting means 3-5 as the top priority 

10 transfer packet and, at the same time, requests (12) the 
processing with respect to the next output packet. " 

[2] Packet input processing 

15 [0118] The multi-queue managing means 3-1 re- 
ceives (1 ) the. packet tags of the packets for performing 
the transfer service and stores the packet tags in the 
queues Q, corresponding to the flows. At this time, when 
a queue Q { is a queue of the active state, the head pack- 
et has already existed in this queue, therefore, the input 
processing is finished by just adding the tag of the newly 
received packet to the queue Qj. 
[01 1 9] When a packet arrives at a q ueue Q, in an emp- 
ty state, this packet becomes the head packet, therefore 
the multi-queue managing means 3-1 calculates the 
transfer start reference time ctj of the packet and sets 
the 04 in the meter for the queue Q |f outputs (15) both 
the packet length L, thereof and the reserved bandwidth 
<Dj of the queue Qj to the clustering means 3-3, and out- 
puts the amount of variation of the reserved use band- 
width (amount of increase 3>,) to the reserved bandwidth 
use ratio 7 computing means 3-2. 
[0120] The clustering means 3-3 calculates the 
scheduled resource occupation time p ( by L,/a> f at the p 
calculating unit, clusters the packets according to the 
value of the scheduled resource occupation time p, at 
the clustering processing unit C(pj), and outputs (3) the 
result to the cluster managing means 3-4. 
[0121] The cluster managing means 3-4, linked with 
the inside-cluster selecting means 3-5, calculates the 
scheduled transfer finish times F, for the cluster Cj to 
which a packet is newly added based on the first order 
packet in the cluster Cj, the parameters (a, P) of the new- 
ly added packet, and the reserved bandwidth use ratio 
7 and selects and holds the packet having the smallest 
scheduled transfer finish time Fj as the new first order 
packet. 

[0122] Figure 4 is an explanatory view of the packet 
transfer control by a plurality of schedulers according to 
the present invention. In the figure, 4-1 is an input link, 
4-2 is a router (classifier), 4-3 is a first multi-queue, 4-4 
is a second multi-queue, 4-5 is a first sub-scheduler, 4-6 
is a second sub-scheduler, and 4-7 is an upper main 
scheduler thereof. 

[0123] Figure 4 is an explanatory view for packet 
scheduling in a case where traffic packets of applica- 
tions tor which different qualities of service (QoS) are 
required are mixed such as the transfer of voice packets 
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etc. where a low jitter Is Important or the transfer ot 
WWW, FTP, and other data packets where a low delay 
and maximum transfer capability are important. 
[0124] From the Input link 4-1 , traffic data having dif- 
ferent quality of service (QoS) classes such as voice 5 
packets "Voice - , video packets " Video", and data pack- 
ets "Data" are input. The router 4-2 analyzes the header 
information of the input packets to classify these packets 
into flows to which they belong and stores the packets 
in the queues corresponding to the flows. 10 
[0125] The queues are comprised as a plurality of 
multi-queues controlled by different schedulers in ac- 
cordance with the quality of service required by the cor- 
responding flows of the queues. The first multi-queue 
4-3 stores the packets for which low jitter is required, for is 
example, voice packets "Voice" and video packets "Vid- 
eo". The scheduling is controlled so that the predeter- 
mined output rate is guaranteed by the first sub-sched- 
uler (S1) 4-5. 

[0126] The first sub-scheduler (S1 ) 4-5 fixes r, 0 = r l#1 20 
= Oj In equation (1) mentioned above since It is not nec- 
essary to reallocate the remaining bandwidth among the 
queues, calculates the scheduled transfer finish times 
Fj t of the head packets in the queues to select the pack- 
et having the smallest value F, (1 as the top priority output 25 
packet. 

[0127] The first sub-scheduler (S1) 4-5 has a light 
load of calculation processing since the allocated band- 
width rj (1 Is a fixed value, so can perform priority selec- 
tion processing following at high speed even for 30 
processing of a flow comprised by short packets like 
voice packets. 

[01 28] On the other hand, packets for which a low de- 
lay Is required like data packets are stored in the second 
multi-queue 4-4. The scheduling is controlled so that the 35 
remaining bandwidth is fairly allocated by the weighted 
fair queueing (WFQ) by the second sub-scheduler (S2) 
4-6. 

[0129] The weighted fair queueing (WFQ) has the ex- 
cellent features of the guarantee of the minimum delay <o 
of the packets and the fair reallocation of remaining 
bandwidth among flows. The second sub-scheduler 
(52) 4-6 performs the clustering mentioned above in the 
calculation of the scheduled transfer finish times F i(1 of 
the head packets in the queues, performs the calcula- 45 
tion processing at high speed by limiting the head pack- 
ets to be calculated, and selects the packet having the 
smallest value F, n as the top priority output packet. 
[0130] The upper main scheduler (S) 4-7 links the first 
and second sub-schedulers (S1 , S2), selects the packet 50 
having the smallest scheduled transfer finish time F, tl 
as the output packet for the output candidate of the 
packet selected from the two (S1 , S2), and outputs this. 
[0131] By such processing, It is possible to guarantee 
low jitter and guarantee low delay for the flows in ac- ss 
cordance with the quality of service (QoS) required by 
the flows and effectively utilizing the output link fairly 
among flows to the highest limit for the package transfer. 



[0132] Summarizing the effects of the present inven- 
tion, as explained above, in the processing of weighted 
fair queueing (WFQ) for selecting and transferring the 
head packet with the earliest scheduled transfer finish 
time from among the head packets in queues for which 
the scheduled transfer finish time varies due to the 
change of the sum value of the reserved bandwidths 
used by the backlog queues, by clustering the head 
packets with a low dependency of changes In the rela- 
tive order of the scheduled transfer finish times on 
changes In the sum value of the reserved bandwidths 
of the backlog queues, calculating the scheduled trans- 
fer finish times with respect to only the first order packet 
in each queue by reusing the output priority order In 
each cluster calculated in the past as it is, and selecting 
the top priority packet, and thereby the amount of cal- 
culation in the weighted fair queueing (WFQ) processing 
can be greatly reduced. 

[0133] Further, in the calculation of the scheduled 
transfer finish time, the time axis is the real time axis, 
therefore the selection processing with respect to the 
packets with the top priority individually selected by a 
plurality of schedulers becomes easy and the selection 
processings by the plurality of schedulers can be easily 
linked. 



Claims 

1. A packet transfer control apparatus for packets 
stored in a plurality of queues (Qj) to which are al- 
located reserved bandwidths individually deter- 
mined in advance, each queue comprising a head 
packet and further packets, comprising: 

a scheduler (1 -1 ) for controlling the transfer by 
weighting the order of transfer for each head 
packet in the queues, characterized in that the 
scheduler comprises: 

means (3-4) for allocating the head pack- 
ets in the queues into clusters (CJ in ac- 
cordance with the ratio between the packet 
length of the head packet in each queue 
(Qi) and the reserved bandwidth (ty) of the 
packet; and 

means (3-5) forselecting the packet having 
the earliest scheduled transfer finish time 
as the top priority transfer packet from 
among each first order packet inside the 
clusters (Cj). 

2. A packet transfer control apparatus for packets 
stored in a plurality of queues (Qj) to which are al- 
located reserved bandwidths individually deter- 
mined in advance, each queue comprising a head 
packet and further packets, the apparatus provided 
with at least one scheduler (1-1) which controls the 
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transfer by weighting the order of transfer for the 
head packets in the queues (Qj) in the order from 
the packet having the earliest scheduled transfer 
finish time and, at the same time, allocating the re- 
served bandwidths to ail active queues in which s 
packets to be transferred are stored; 

characterized in that the scheduler (1-1) 
comprises: 

a clustering means (3-3) tor dividing the head 10 
packets in the queues (Qj) into clusters (C,) in 
accordance with a scheduled resource occupa- 
tion time which ratio is defined as the ratio be- 
tween the packet length of the head packet in 
each queue (Qj) and the reserved bandwidth 15 

a cluster managing means (3-4) for holding 
packets having the earliest. scheduled transfer 
finish times among the packets in a cluster (Cj) 
for all clusters as first order packets; 20 
an inside-cluster selecting means (3-5) for se- 
lecting the packet having the earliest scheduled 
transfer finish time for the cluster as the first or- 
der packet when a packet Is deleted or added 
inside the cluster; and 25 
an inter-cluster selecting means (3-6) tor se- 
lecting the packet having the earliest scheduled 
transfer finish time as the top priority transfer 
packet from among the first order packets in- 
side the clusters (Cj). 30 

3. A packet transfer control apparatus as set forth in 
Claim 2, wherein: 

said scheduler { 1 - 1 ) is provided with a reserved 35 
bandwidth use ratio computing means (3-2) for 
computing the reserved bandwidth use ratio 
defined as the ratio of a cumulative value of the 
reserved bandwidths for the active queues with 
respect to the bandwidths; and <o 
said inter-cluster selecting means (3-6) is struc- 
tured to calculate the scheduled transfer finish 
time based on a transfer start reference time of 
each first order packet, the scheduled resource 
occupation time, and the reserved bandwidth <5 
use ratio. 

4. A packet transfer control apparatus as set forth in 
Claim 2 or 3, wherein: 

so 

said inside-cluster selecting means (3-5) Is 
structured to sort the packets in a cluster in the 
order from the earliest scheduled transfer finish 
time, and 

said cluster managing means (3-4) may be con- 55 
stituted so as to hold the packets sorted in the 
order from the earliest scheduled transfertinish 
time for every cluster. 



5. A packet transfer control apparatus as set forth in 
Claim 2 or 3, wherein: 

said inside-cluster selecting means (3-5) Is 
structured: 

to perform the selection by switching be- 
tween processing for selecting only the first 
order packet having the earliest scheduled 
transfer finish time from the packets in a 
cluster and processing for sorting them In 
the order from the one having the earliest 
scheduled transfer finish time; 
to perform the processing for sorting in the 
order from the one having the earliest 
scheduled transfer finish time when the 
transfer time of a packet in transmission is 
more than a predetermined time; and 
to perform the processing for selecting only 
the first order packet having the earliest 
scheduled transfer finish time when the 
transfer time of the packet in transmission 
is not more than a predetermined time. 

6. A packet transfer control apparatus as set forth in 
any one of Claims 2, 3 and 5, wherein the inside- 
cluster selecting means (3-5) is constituted so as to 
select the packet having the earliest scheduled 
transfertinish time based on only said transfer start 
reference time of each packet in the cluster (C,) or 
said transfer start reference time and said sched- 
uled resource occupation time. 

7. A packet transfer control apparatus as set forth in 
Claim 4 or 5, wherein said inside-cluster selecting 
means (3-5) is constituted so as to sort the packets 
in the cluster (Cj) in the order from the one having 
the earliest scheduled transfer finish time based on 
only said transfer start reference time of each pack- 
et in the cluster (Cj) or said transfer start reference 
time and said scheduled resource occupation time. 

8. A packet transfer control apparatus as set forth in 
any one of Claims 2 to 7, wherein said clustering 
means (3-3) is constituted so as to allocate the head 
packets in the queues to clusters by discriminating 
the type of the application packet having traffic char- 
acteristics for which the scheduled resource occu- 
pation time is specified. 

9. A packet transfer control apparatus as set forth in 
any one of Claims 2 to 8, wherein: 

provision is made of a plurality of schedulers 
(4-5, 4-6) which perform different processing 
for allocation of the resources of an entire trans- 
mission system for packets stored in multi- 
queues differing for all clusters in accordance 
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with the class of the quality of service; 
each scheduler is provided with a means (3-5) 
for selecting the packet having the earliest 
scheduled transfer finish time from among the 
head packets for every multi-queue; and s 
provision is made of a scheduler (4-7) for se- 
lecting the packet having the earliest scheduled 
transfer finish time from among packets select- 
ed by the schedulers corresponding to the mul- 
ti-queues. 10 



10. A packet transfer control apparatus as set forth in 
Claim 9, wherein at least one scheduler among said 
schedulers corresponding to the multi-queues is 
provided with a means for allocating bandwidths of 15 
a fixed rate to queues In the corresponding multi- 
queues and selecting the packet having the earliest 
scheduled transfer finish time. 

11. A packet transfer scheduling method which trans- 20 
fers packets by weighting the order of transfer for 
head packets of queues (Q { ) in the order from the 
packet having the earliest scheduled transfer finish 
time for packets stored in a plurality of queues to 
which are allocated at least reserved bandwidths in- 25 
dlvidually determined in advance and, at the same 
time, allocating bandwidths to all of the active 
queues in which packets to be transferred are 
stored, 

characterized by: 30 

the step of allocating the head packets of the 
queues to clusters (C,) in accordance with 
scheduled resource occupation times of the 
head packets in the queues; 35 
the step of selecting the packet having the ear- 
liest scheduled transfer finish time for a cluster 
(Cj) as a first order packet when a packet is de- 
leted or added to packets in the cluster (Cj) and 
holding this selected packet; and 40 
the step of selecting the packet having the ear- 
liest scheduled transfer finish time from among 
the first order packets in the clusters (C,) as a 
top priority transfer packet. 

45 

12. A packet transfer scheduling method as set forth in 
claim 11, further comprising a step of computing a 
reserved bandwidth use ratio of active queues and 
the step of calculating a scheduled transfer finish 
time during the selection among clusters based on so 
a transfer start reference time of the first order pack- 
et, the scheduled resource occupation time, and the 
reserved bandwidth use ratio. 

13. A packet transfer scheduling method as set forth in 55 
claim 11 or 12, further comprising, when achieving 

the selection in the clusters (Cj), the step of sorting 
the packets in a cluster (C,) in the order from the 



earliest scheduled transfer finish time and holding 
the sorted packets. 

1 4. A packet transfer scheduling method as set forth In 
claim 11 or 12. further comprising, when achieving 
the selection in the clusters (Cj), the step of perform- 
ing processing for sorting in the order from the pack- 
et having the earliest scheduled transfer finish time 
when the transfer time of a packet in transmission 
is more than a predetermined time and performing 
processing for selecting only the first order packet 
having the earliest scheduled transfer finish time 
when the transfer time of the packet in transmission 
is not more than a predetermined time. 

15. A packet transfer scheduling method as set forth in 
claim 1 1 , 12, or 14, further comprising, when achiev- 
ing the selection in the clusters (C,), the step of se- 
lecting the packet having the earliest scheduled 
transfer finish time based on only the transfer start 
reference time of each packet in the cluster (C t ) or 
the transfer start reference time and the scheduled 
resource occupation time. 

16. A packet transfer scheduling method as set forth in 
claim 13 or 14, further comprising, when achieving 
the selection in the clusters (Cj), the step of sorting 
the packets in a cluster (C,) in the order from the 
one having the earliest scheduled transfer finish 
time based on only the transfer start reference time 
of each packet in the cluster (C,) or the transfer start 
reference time and the scheduled resource occu- 
pation time. 

17. A packet transfer scheduling method as set forth in 
any one of claims 1 1 to 1 6, further comprising, when 
achieving the selection in the clusters (Cj), a step of 
allocating the head packets of queues to clusters 
(Cj) by discriminating the type of the application 
packet having traffic characteristics for which the 
scheduled resource occupation time is specified. 



PatentansprOche 

1. Eine Paketubermrttlungs-Steuerungsvorrichtung 
fur Pakete, welche in einer Vielzahl von Warte- 
schlangen (O,) gespeichert sind, zu welchen reser- 
vierte Bandbreiten, die zuvor individuell bestimmt 
wurden. zugeordnet sind, wobei jede Warteschlan- 
ge ein Kopfpaket und we It ere Pakete aufweist, fol- 
gendes aufweisend: 

eine Ablaufsteuerung (1-1) zur Steuerung der 
Obermittlung durch Gewichtung der Reihenfol- 
ge der Obermittlung fur jedes Kopfpaket in den 
Warteschlangen, dadurch gekennzeichnet, 
dass die Ablaufsteuerung folgendes aufweist: 



25 



15 



29 



EP 0 989 770 B1 



30 



eine Einrichtung (3-4) zur Zuordnung der 
Kopfpakete in den Warteschlangen in 
Gruppen (C,) in Ubereinstimmung mil dem 
Verhfiltnis zwischen der Paketlange des 
Kopfpaketes in einer jeden Warteschlange 
(Q|) und der reservierten Bandbreite 
des Paketes; und 

eine Einrichtung (3-5) zur Selektierung des 
Paketes ats das Top-Prioritats-Obermitt- 
lungspaket, welches die fruheste planma- 
Bige Ubermittlungsbeendigungszeit aut- 
weist, aus der Menge der erstrangigen Pa- 
kete Innerhalb der Gruppen (Cj). 

Eine PaketubermittJungs-Sleuerungsvorrichtung 
fur Pakete, welche in einer Vielzahl von Warte- 
schlangen (Q[) gespeichert sind, zu welchen reser- 
vierte Bandbreilen (<Dj), die individuell im voraus be- 
stimmt wurden, zugeordnet sind. wobei jede War- 
teschlange ein Kopfpaket und weitere Pakete auf- 
weist, wobei die Vorrichtung mit wenigslens einer 
Ablaufsteuerung (1-1) versehen ist, welche die 
Ubermittlung durch Gewichtung der Reihenfolge 
der Ubermittlung fur die Kopfpakete in den Warte- 
schlangen (Qj) in der Reihenfolge von dem Paket, 
welches die fruheste planmaBige Ubermittlungsbe- 
endigungszeit aufweist, und zur gleichen Zeit durch 
Zuordnung der reservierten Bandbreiten zu alien 
aktiven Warteschlangen, in welchen Pakete, die 
ubermittelt werden sollen, gespeichert sind, steu- 
ert; . 

dadurch gekennzeichnet, dass die Ablaufsteue- 
rung (1-1) folgendes aufweist: 

eine Gruppierungseinrichtung (3-3) zur Eintel- 
lung der Kopfpakete in die Warteschlangen (Qj) 
in Gruppen (C,) in Ubereinstimmung mit einer 
planmaBlgen Ressourcen-Belegungszeit, wel- 
ches Verhaltnis als das Verhaltnis zwischen der 
Paketldnge des Kopfpaketes in einer jeden 
Warteschlange (Qj) und der reservierten Band- 
breite ($>,) definiert ist; 

eine Gruppenverwaltungs einrichtung (3-4) 
zum Halten von Paketen als erstrangige Pake- 
te, welche die fruheste planmaBige Ubermitt- 
lungsbeendigungszeiten unter den Paketen in 
einer Gruppe (Cj) aufweisen, fur alle Gruppen; 

eine Innengruppen-Selektiereinrichtung (3-5) 
zum Selektieren des Paketes als das erstran- 
gige Paket, welches die fruheste planmaBige 
Ubermittlungsbeendigungszeit fur die Gruppe 
aufweist, wenn ein Paket innerhalb der Gruppe 
entfernt Oder hinzugefugt wird; und 

eine Zwischengruppen-Selektiereinrichtung 



(3-6) zum Selektieren des Paketes als dasTop- 
Prioritats-Ubermrtttungspaket welches die fru- 
heste planmaBige Ubermittlungsbeendigungs- 
zeit aufweist, aus der Menge der erstrangigen 
5 Pakete innerhalb der Gruppen (CJ. 

3. Eine Paketubermittlungssteuerungsvorrichtung ge- 
maB Anspruch 2, wobei: 

io die Ablaufsteuerung (1-1) mit einer Berech- 

nungseinrichtung (3-2) des reservierten Band- 
breitenverwendungsverhaltntsses versehen ist 
zum Berechnen des reservierten Bandbreiten- 
Verwendungsverhaltnisses, welches als das 

15 Verhaltnis eines kumulath/en Wertes der reser- 

vierten Bandbreiten fur die aktiven Warte- 
schlangen unter Berucksichtigung der Band- 
breiten definiert ist; und wobei 

20 die Zwischengruppenselektiereinrichtung (3-6) 

derart strukturiert 1st, um die planmaBige Uber- 
mittlungsbeendigungszeit basierend auf einer 
Ubermittlungsstartreferenzzeit eines jeden 
erstrangigen Paketes, basierend auf der plan- 

25 maSigen Ressourcen-Belegungszeit und ba- 

sierend auf das reservierte Bandbreltenver- 
wendungsverhahnis zu berechnen. 

4. Eine Paketubermittlungs-Steuerungsvorrichtung 
SO gemaB Anspruch 2 Oder 3, wobei: 

die Innengruppen-Selektiereinrichtung (3-5) 
derart strukturiert ist, um die Pakete in einer 
Gruppe In der Reihenfolge von der fruhesten 
35 planmaBigen Ubermittlungsbeendigungszeit 

zu sortieren, und wobei 

die Gruppenverwaltungseinrichtung (3-4) der- 
art eingerichtet sein kann, um die Pakete, wel- 
che in der Reihenfolge von der fruhesten plan- 
40 maBigen Ubermittlungsbeendigungszeit sor- 

tlert sind, fur jede Gruppe zu halten. 

5. Eine Paketubermittlungs-Steuerungsvorrichtung 
gemSB Anspruch 2 Oder 3, wobei: 

45 

die Innengruppen-Selektiereinrichtung (3-5) 
derart strukturiert ist: 

um die Selektion durchzufuhren durch Her- 
50 umschalten zwischen der Verarbeitung zur 

Selektion von lediglich dem erstrangigen 
Paket, welches die fruheste planmaBige 
Ubermittlungsbeendigungszeit von den 
Paketen in einer Gruppe aufweist, und der 
55 Verarbeitung zum Sortieren dieser in der 

Reihenfolge von dem einen an, welches 
die fruheste planmaBige Ubermittlungsbe- 
endigungszeit aufweist; 
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um die Verarbeitung durchzufuhren zum 
Sortieren in der Reihenlolge von dem ei- 
nen, welches die fruheste planmaBige 
Ubermittlungsbeendigungszeit aufweist, 
wenn die Ubermittlungszeit eines Pakets in 5 
Ubermittlung groBer als eine zuvor festge- 
legte Zeit ist; und 

um die Verarbeitung durchzufuhren zum 
Sefektieren von lediglich dem erstrangigen to 
Paket, welches die fruheste planmaBige 
Ubermittlungsbeendigungszeit aufweist. 
wenn die Ubermittlungszeit des Paketes in 
Ubermittlung nicht groBer als eine zuvor 
festgeiegte Zeit ist. 15 

6. Eine Paketubermittlungs-Steuerungsvorrichtung 
gemaB einem der Anspruche 2, 3 und 4, wobei die 
Innengruppen-Selektiereinrichtung (3-5) derart ein- 
gerichtet ist, um das Paket zu selektieren, welches 20 
die fruheste planmaBige Obermittlungsbeendi- 
gungszeit aufweist, basierend auf lediglich der 
Ubermtttlungsstartreferenzzeit eines jeden Pake- 
tes in der Gruppe (Cj) oder basierend auf der Uber- 
mittlungsstartreferenzzeit und der planmaBigen 25 
Ressourcen-Belegungszeit. 

7. Eine Paketubermittlungs-Steuerungsvorrichtung 
gemaB Anspruch 4 oder 5, wobei die Innengrup- 
pen-Selektiereinrichtung (3-5) derart eingerichtet 30 
1st, um die Pakete in der Gruppe (Cj) in der Reihen- 
folge von dem einen, welches die fruheste planma- 
Bige Ubermittlungsbeendigungszeit aufweist, zu 
sortieren, basierend auf lediglich der Ubermitt- 
lungsstartreferenzzeit eines jeden Paketes in der 35 

■ Gruppe (C,) oder basierend auf der Ubermittlungs- 
startreferenzzeit und der planmaBigen Ressour- 
cen-Belegungszeit. 

8. Eine Paketiibermittlungs-Steuerungsvorrichtung *o 
gemaB einem der Anspruche 2 bis 7, wobei die 
Gruppierungseinrichtung (3-3) derail eingerichtet 

ist, um die Kopfpakele in den Warteschlangen zu 
Gruppen zuzuordnen, durch Unterscheidung des 
Typs des Anwendungspaketes, welches Verkehrs- 45 
merkmale aufweist, fur welche die planmaBige Res- 
sourcen-Belegungszeit spezifiziert ist. 

9. Eine Paketubermittlungs-Steuerungsvorrichtung 
gemaB einem der Anspruche 2 bis 8. wobei: 50 

eine Bereitstellung einer Vielzahl von Ablaut- 
steuerungen (4-5, 4-6) gemacht wird, welche 
verschiedene Vera rbeitun gen durchfuhren zur 
Zuordnung der Ressourcen eines gesamten 55 
Ubermrttlungssystems fur Pakete, die in Multi- 
Wart esc hlangen gespeichert sind und die fur 
alle Gruppen in Ubereinstimmungmit der Klas- 
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se der Dienstgute ubereinsttmmen; wobei 

jede Ablaufsteuerung mit einer Einrichtung 
(3-5) versehen ist zum Selektieren des Pake- 
tes, welches die fruheste planmaBige Ubermitt- 
lungsbeendigungszeit aufweist, aus der Menge 
der Kopfpakete fur jede Multi-Warteschlange; 
und wobei 

eine Bereitstellung von einer Ablaufsteuerung 
(4-7) gemacht wird, zum Selektieren des Pake- 
tes, welches die fruheste planmaBige Ubermitt- 
lungsbeendigungszeit aufweist, aus der Menge 
der Pakete, die durch die Ablaufsteuerungen, 
welche zu den Multi- Warteschlangen gehoren, 
selektiert werden. 

10. Eine Paketubermrttlungs-Steuerungsvorrichtung 
gemaB Anspruch 9, wobei wenigstens eine Ablauf- 
steuerung aus der Gruppe der Ablaufsteuerungen, 
diezu den Multi- Warteschlangen gehoren, mit einer 
Vorrichtung versehen ist, zum Zuordnen von Band- 
breiten einer festen Rate an Warteschlangen in den 
zugehorigen Multi- Warteschlangen und zum Selek- 
tieren des Paketes, welches die fruheste planmaBi- 
ge Ubermittlungsbeendigungszeit aufweist. 

11. Ein Paketubermittlungs-Ablaufsteuerungsverfah- 
ren, welches Pakete ubermittelt durch Gewichtung 
der Reihenlolge der Ubermittlung fur Kopfpakete 
von Warteschlangen (Qj) in der Reihenfolge von 
dem Paket, welches die fruheste planmaBige Uber- 
mittlungsbeendigungszeit fur Pakete aufweist, wel- 
che in einer Vielzahl von Warteschlangen gespei- 
chert sind, zu welchen wenigstens reservierte 
Bandbreiten zugeordnet sind, die vorab Individueil 
bestimmt wurden, und zur gleichen Zeit durch Zu- 
ordnung der Bandbreiten zu alien der aktiven War- 
teschlangen, in welchen Pakete, die ubermittelt 
werden mussen, gespeichert sind, 
gekennzelchnet durch: 

den Verfahrensschritt der Zuordnung der Kopf- 
pakete der Warteschlangen zu Gruppen (Cj) in 
Ubereinstimmung mit planmaBigen Ressour- 
cen-Belegungszeiten der Kopfpakete in den 
Warteschlangen; 

den Verfahrensschritt der Selektierung des Pa- 
ketes als ein erstrangiges Paket, welches die 
fruheste planmaBige Ubermittlungsbeendi- 
gungszeit fur eine Gruppe (C|) aufweist, wenn 
ein Paket in der Gruppe (C,) entfernt oder zu 
Paketen hinzugefugl wird, und des Haltens die- 
ses selektierten Paketes; und 

den Verfahrensschritt des Selektierens des Pa- 
ketes als ein Top-Prioritats-Obermittlungspa- 
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ket, welches die Irfiheste planmaBige Ubermitt- 
lungsbeendigungszeit aus der Menge der erst- 
rangigen Pakete in den Gruppen (C,) aufweist. 

12. Ein Paketubermittlungs-Ablaufsteuerungsverfah- 
ren gemaB Anspruch 11, ferner einen Schritt der 
Berechnung eines reservierten Bandbreitenver- 
wendungsverhaltnisses von aktiven Warteschlan- 
gen und den Schritt der Berechnung einer planma- 
Bigen Ubermittlungsbeendigungszeit wahrend der 
Selektion unter den Gruppen aufweisend, basie- 
rend auf einer Clbermittlungsstartreferenzzeit des 
erstrangigen Paketes, basierend auf der planmaBi- 
gen Ressourcen-Belegungszeit und basierend aut 
dem reservierten Bandbreitenverwendungsverhalt- 
nis. 

13. Ein Paketubermittlungs-Ablaufsteuerungsverfah- 
ren gemaB Anspruch 11 oder 12 ferner den Schritt 
des Sortierens der Pakete in einer Gruppe (Cj) in 
der Reihenfolge von der fruhesten planmaBigen 
Ubermittlungsbeendigungszeit und des Hattens der 
sortierten Pakete aufweisend, wenn die Selektion 
in den Gruppen (Cj) erzielt worden 1st. 

14. Ein Paketubermittlungs-Ablaufsteuerungsverfah- 
ren gemaB Anspruch 11 oder 12, ferner den Schritt 
des Durchfuhrens der Verarbeilung zum Sortieren 
In der Reihenfolge von dem Paket, welches die fru- 
heste planmaBige Ubermittlungsbeendigungszeit 
hat, aufweisend, wenn die Ubermittlungszeit eines 
Pakets in Ubermittlung groBer als eine zuvor fest- 
gelegte Zeit ist, und den Schritt des Durchfuhrens 
der Verarbeitung zum Selektieren von lediglich dem 
erstrangigen Paket, welches die fruheste planma- 
Bige Ubermittlungsbeendigungszeit hat, aufwei- 
send, wenn die Ubermittlungszeit des Paketes in 
Ubermittlung nicht groBer als eine zuvor festgelegte 
Zelt ist, wenn die Selektion in den Gruppen (Cj) er- 
zielt worden ist. 

15. Ein Paketubermittlungs-Ablaufsteuerungsverfah- 
ren gemaB Anspruch 11, 12 oder 14, ferner den 
Schritt der Selektion des Paketes, welches die IrO- 
heste planmaBige Ubermittlungsbeendigungszeit 
hat, aufweisend, basierend auf lediglich der Uber- 
mrttlungsstartreferenzzeit eines jeden Paketes in 
der Gruppe (C|) oder basierend auf der Obermitt- 
lungsstartreferenzzeit und der planmaBigen Res- 
sourcen-Belegungszeit, wenn die Selektion in den 
Gruppen (Cj) erzielt worden ist. 

16. Ein Paketubermittlungs-Ablaufsteuerungsverfah- 
ren gemaB Anspruch 13 oder 14, ferner den Schritt 
des Sortierens der Pakete in einer Gruppe (Cj) in 
der Reihenfolge von dem einen, welches die fruhe- 
ste planmaBige Ubermittlungsbeendigungszeit hat 
aufweisend, basierend auf lediglich der Ubenmitt- 



lungsstartreferenzzeit eines jeden Paketes in der 
Gruppe (Cj) oder basierend auf der Obermitt lungs - 
startreferenzzeit und der planmaBige Ressourcen- 
Belegungszeit, wenn die Selektion in den Gruppen 
5 (CJ erzielt worden ist. 

17. Ein Paketubermittlungs-Ablaufsteuerungsverfah- 
ren gemaB einem der Anspruche 11 bis 16, ferner 
einen Schritt der Zuordnung des Kopfpaketes von 

10 Warteschlangen zu Gruppen (Cj) aufweisend durch 
Unterscheidung des Typs des Anwendungspake- 
tes, welches Verkehrsmerkmale aufweist, fur wel- 
ch e die planmaBige Ressourcen-Belegungszeit 
spezifiziert ist, wenn die Selektion in den Gruppen 

15 (Cj) erzielt worden ist. 



Revendications 

20 1 . Appareil de commande de transfert de paquet pour 
des paquets stockes dans une pluralite de files (Qj) 
auxquelles sont aliouees des bandes passantes re- 
servees delerminees individuellement a I'avance, 
chaque file comprenant un paquet d'en-tete et 

25 d'autres paquets, comprenant : ; 

un dispositif d'ordonnancement (1-1) pour 
commander le transfert en ponderant I'ordre de 
transfert pourchaque paquet d'en-tete dans les 
30 files, 

caracterise en ce que le dispositif d'ordonnance- 
ment comprend : 

35 un moyen (3-4) pour allouer les paquets d'en- 

tete dans les files dans des groupes (C,) selon 
le rapport entre la longueur de paquet du pa- 
quet d'en-tete dans chaque file (Q,) et la bande 
passante reservee <4> { ) du paquet ; et 

40 un moyen (3-5) pour selectionner le paquet 

ayant le temps de fin de transfert ordon nance 
le plus tot comme paquet de transfert de priorite 
superieur entre chaque paquet du premier or- 
dre a Nnterieur des groupes (C { ). 

45 

2. Appareil de commande de transfert de paquet pour 
des paquets stockes dans une pluralite de files (Qj) 
auxquelles sont aliouees des bandes passantes re- 
servees (<^) individuellement determinees a I'avan- 

50 ce, chaque file comprenant un paquet d'en-tete et 
d'autres paquets, i'appareil pourvu cfau moins un 
dispositif d'ordonnancement (1 -1 ) qui commande le 
transfert en ponderant I'ordre de transfert pour les 
paquets d'en-tete dans les files (Qj) dans I'ordre a 

55 partir du paquet ayant le temps de fin de transfert 
ordonnance le plus t6t, au meme moment, en al- 
louant les bandes passantes reservees a toutes les 
files actives dans lesquelles les paquets a transfe- 
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rer son! stockes ; 

caracterise en ce que le dispositif cfordon- 
nancement (1-1) comprend : 

un moyen de groupement (3-3) pour diviser les 5 
paquets d'en-tete dans les files (Q|) en groupes 
(Cj) selon un temps d'occupation de ressource 
ordonnance dont le rapport est defini comme le 
rapport entre la longueur de paquet du paquet 
d'en-tete dans chaque tile (Qj) et la bande pas- 10 
sante reserv6e ($,) 

un moyen de gestion de groupe (3-4) pour con- 
tenir des paquets ayant les temps de fin de 
transfert ordonnances les plus tot parmi les pa- 
quets dans un groupe (C t ) pour tous les grou- 15 
pes comme des paquets du premier ordre ; 
un moyen de selection intragroupe (3-5) pour 
setectionner le paquet ayant le temps de fin de 
transfert ordonnance le plus tot pour le groupe 
comme le paquet du premier ordre lorsqu'un 20 
paquet est efface ou ajoute intragroupe ; et 
un moyen de selection de Pintergroupe (3-6) 
pour selectionner le paquet dans le temps de 
fin de transfert ordonnance le plus tot comme 
le paquet de transfert de priority superieure 2S 
parmi les paquets du premier ordre a i'interieur 
des groupes (C } ). 

3. Appareil de commande de transfert de paquet selon 

la revendication 2. dans lequel : 30 

ledit dispositif d'ordonnancement (1-1) est 
pourvu d'un moyen de calcul de rapport d'utili- 
sation de bande passante r£serv6e (3-2) pour 
caiculer le rapport d'utilisation de bande pas- 35 
sante reserved defini comme le rapport cTune 
valeur cumulative des bandes passantes reser- 
v6es pour les files actives par rapport aux ban- 
des passantes ; et 

ledit moyen de selection intergroupe (3-6) est *o 
structure pour caiculer le temps de fin de trans- 
fert sur la base cTun temps de reference du de- 
but de transfer! de chaque paquet du premier 
ordre, le temps d'occupation de ressource or- 
donnance et le rapport d'utilisation de bande *s 
passante r6serv6e. 

4. Appareil de commande de transfert de paquet selon 
la revendication 2 ou 3, dans lequel : 

50 

ledit moyen de selection intragroupe (3-5) est 
structure pour trier les paquets dans un groupe. 
dans fordre a partir du temps de fin de transfert 
ordonnance le plus tot, et 

ledit moyen de gestion de groupe (3-4) peut- 55 
etre constitue afin de contenir les paquets tries 
dans fordre a partir du temps de fin de transfert 
ordonnance le plus tot pour chaque groupe. 



5. Appareil de commande de transfert de paquet selon 
la revendication 2 ou 3, dans lequel : 

ledit moyen de selection intragroupe (3-5) est 
structure : 

pour realiser la selection en commutant en- 
tre le traitement pour setectionner seule- 
ment le paquet du premier ordre ayant le 
temps de fin de transfert ordonnance le 
plus t6t a partir des paquets dans un grou- 
pe et le traitement pour les trier dans I'ordre 
a partir de celui ayant le temps de fin de 
transfert ordonnance le plus tot ; 
pour realiser le traitement pour trier dans 
I'ordre a partir de celui ayant le temps de 
fin de transfert ordonnance le plus tot lors- 
que le temps de transfert d'un paquet en 
transmission est plus qu'un temps 
predetermine ; et 

pour realiser le traitement pour selection- 
ner seulement le paquet du premier ordre 
ayant le temps de fin de transfert ordon- 
nance le plus tot lorsque le temps de trans- 
fert du paquet en transmission n'est pas 
plus qu'un temps predetermine. 

6. Appareil de commande de transfert de paquet selon 
Pune quelconque des revendications 2, 3 et 5, dans 
lequel le moyen de selection de groupe intragroupe 
(3-5) est constitue afin de setectionner le paquet 
ayant le temps de fin de transfert ordonnance le 
plus tot sur la base seulement dudit temps de refe- 
rence du debut de transfert de chaque paquet dans 
le groupe (C|) ou dudit temps de reference du debut 
de transfert et dudit temps d'occupation de ressour- 
ce ordonnance. 

7. Appareil de commande de transfert de paquet selon 
la revendication 4 ou 5, dans lequel ledit moyen de 
selection intragroupe (3-5) est constitue afin de trier 
les paquets dans le groupe (C) dans i'ordre a partir 
de celui ayant le temps de fin de transfert ordon- 
nance le plus tot sur la base seulement dudit temps 
de reference du debut de transfert de chaque pa- 
quet dans le groupe (Cj) ou dudit temps de referen- 
ce du debut de transfert et dudit temps d'occupation 
de ressource ordonnance. 

8. Appareil de commande de transfert de paquet selon 
Tune quelconque des revendications 2 a 7, dans le- 
quel ledit moyen de groupement (3-3) est constitue 
afin d'aliouer les paquets d'en-tete dans les files aux 
groupes en discriminant le type de paquet cfappli- 
cation ayant des caracteristiques de trafic pour les- 
quelles le temps d'occupation de ressource ordon- 
nance est specifie. 
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9. Appareil de commande de transf ert de paquet selon 
Tune quelconque des revendications 2 a 8 dans 
lequel : 



10. Appareil de commande de transfer! de paquet selon 

la revendication 9. dans lequel au moins un dispo- 25 
srtif d'ordonnancement parmi les dix disposltlfs d'or- 
donnancement correspondents aux multiples files 
est pourvu d'un moyen pour allouer des bandes 
passantes d'un rapport fixe aux files dans les mul- 
tiples files correspondantes et pour selectionner les 30 
paquets ayant le temps de fin transfert ordonnance 
le plus tot. 

11. Procede d'ordonnancement de transfert de paquet 

qui transfert des paquets en ponderant I'ordre de 35 
transfert pour les paquets d'en-tete des files (Qj) 
dans I'ordre a partir du paquet ayant le temps de fin 
transfert ordonnance le plus tot pour des paquets 
stockes dans une pluralite de files auxquelles sont 
allouees au moins des bandes passantes reser- 40 
vees individuellement determinees a I'avance et, en 
meme temps, allocation des bandes passantes a 
toutes les files actives dans lesquelles des paquets 
a transferer sont stockes, 

caracterise par : 45 



les paquets du premier ordre dans les groupes 
(Cj) comme le paquet de transfert de priorite su- 
perieure. 

12. Procede d'ordonnancement de transfert de paquet 
selon la revendication 1 1 , comprenant en outre une 
etape de calcul d'un rapport d'utilisation de bande 
pass ante reservee de files actives et r etape de cal- 
cul d'un temps de fin de transfert ordonnance pen- 
dant la selection parmi les groupes sur la base d'un 
temps de reference du debut de transfert du paquet 
de premier ordre, du temps d'occupation de res- 
source ordonnance et du rapport d' utilisation de 
bande passante reservee. 

13. Procede d'ordonnancement de transfert de paquet 
selon la revendication 11 ou 12, comprenant en 
outre, lors de la realisation de la selection dans les 
groupes (Cj), de Petape de tri des paquets dans un 
groupe (Cj) dans Pordre a partir du temps de fin de 
transfert ordonnance le plus t6t et maintlen des pa- 
quets tries. 

14. Procede d'ordonnancement de transfert de paquet 
selon la revendication 11 ou 12, comprenant en 
outre, lors de la realisation de la selection dans les 
groupes (Cj), de I'etape de realisation du traitement 
pour trier dans I'ordre a partir du paquet ayant le 
temps de fin de transfert ordonnance le plus t6t lors- 
que le temps de transfert d'un paquet dans la trans- 
mission est plus qu'un temps predetermine et pour 
realiser le traitement pour selectionner seulement 
le paquet du premier ordre ayant le temps de fin de 
transfert ordonnance le plus lot lorsque le temps de 
transfert du paquet dans la transmission n'est pas 
supeheur a un temps predetermine. 

15. Procede d'ordonnancement de transfert de paquet 
selon la revendication 1 1 , 12 ou 14, comprenant en 
outre, lors de la realisation de la selection dans des 
groupes (Cj), de I'etape de selection du paquet 
ayant le temps de fin de transfert ordonnance le 
plus tot sur la base seulement du temps de referen- 
ce du debut de transfert de chaque paquet dans le 
groupe (Cj) ou du temps de reference du debut de 
transfert et du temps d'occupation de ressource or- 
donnance. 

16. Procede d'ordonnancement de transfert de paquet 
selon la revendication 13 ou 14, comprenant en 
outre, lors de la realisation de la selection dans les 
groupes (Cj), de retape de tri des paquets dans un 
groupe (C,) dans i'ordre a partir de celui ayant le 
temps de fin de transfert ordonnance le plus tot sur 
la base seulement du temps de reference du debut 
de transfert de chaque paquet dans le groupe (Cj) 
ou du temps de reference du debut de transfert et 
du temps d'occupation de ressource ordonnance. 



I'etape d'allocation des paquets d'en-tete des 
files aux groupes (C,) selon les temps d'occu- 
pation de ressource ordonnances des paquets 
d'en-tete dans les files ; so 
I'etape de selection du paquet ayant le temps 
de fin de transfert ordonnance le plus tot pour 
un groupe (C t ) comme un paquet du premier 
ordre lorsqu'un paquet est efface ou ajoute aux 
paquets dans le groupe (Cj) et de maintien de 55 
ce paquet selectionne ; et 
I'etape de selection du paquet ayant le temps 
de fin de transfert ordonnance le plus lot parmi 



la fourniture est faite d'une pluralite de disposi- 5 
tifs d'ordonnancement (4-5, 4-6) pour realiser 
un traitement different pour I'allocation des res- 
sources d'un systeme de transmission entier 
pour des paquets stockes dans de multiples fi- 
les different pour tous les groupes selon la clas- i o 
se de la qualite de service ; 
chaque dispositif d'ordonnancement est pour- 
vu d'un moyen (3-5) pour selectionner le pa- 
quet ayant le temps de transf en ordonnance le 
plus tot parmi la quantite de paquets tfen-tete 15 
pour chaque file multiple ; et 
la fourniture est faite d'un dispositif d'ordonnan- 
cement (4-7) pour selectionner le paquet ayant 
le temps de fin de transfert ordonnance le plus 
tot parmi des paquets selectionnes par le dis- 20 
positif d'ordonnancement correspondent aux 
multiples files. 
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17. Precede d'ordonnancement de transfert de paquel 
seton I'une quelconque des revendications 11 a 16, 
comprenant en outre, lors de ta realisation de (a se- 
lection dans les group es (C|), d'une etape d'alloca- 
tion des paquets d'en-tete des files aux groupes (C|) 
en discriminant le type de paquet d'application 
ayant les caracteristiques de trafic pour lesquelles 
le temps d'occupation de ressource ordonnance est 
specifie. 
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